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ABSTRACT
In the fetal development of animals, critical physi-
ological and anatomical events influence the long-term 
health and performance of the offspring. To identify 
the critical growth phases of the fetal bovine stomach, 
we used computed tomography imaging on 30 German 
Holstein fetuses to examine the fetal bovine stomach in 
situ. Computed tomography allows the study of diverse 
parameters such as the volume of the stomach cham-
bers in situ without the need for sophisticated filling 
preparation techniques. The absolute volume, relative 
volume, and monthly volume increase of each stomach 
chamber were determined. Computed tomography was 
a reliable method for in situ examination of the fetal 
bovine stomach complex from the third month of gesta-
tion onward. It was able to detect an abnormal position 
of the abomasum in 2 fetuses. The crown-rump length 
of the fetuses studied ranged from 9.5 to 89 cm (from 2.2 
to 8.3 mo of gestation). Over this timeline, the changes 
in the relative volumes of the ruminoreticulum and ab-
omasum were inversely related. Until mo 5 of gestation, 
the relative volume of the ruminoreticulum increased 
steadily, whereas that of the abomasum decreased. 
Thereafter, the relative volume of the ruminoreticulum 
became gradually smaller, and that of the abomasum 
became larger; by mo 8, the abomasum was larger than 
the ruminoreticulum. All stomach chambers had large 
increases in volume over the gestation period and we 
observed differences in development patterns and vol-
ume changes of the individual stomach chambers over 
this period. The largest monthly volume increase of the 
stomach complex was between mo 4 and 5 of gestation. 
In this period, the volume of the ruminoreticulum in-
creased 43.8 times, that of the omasum 38.9 times, and 
that of the abomasum 30.03 times. Between mo 5 and 6 
of gestation, the abomasum had another growth spurt, 
with a monthly volume increase of 10.4 times. These 
2 time points in the gestation period may be critical 
phases of fetal development that should be considered 
in the management of pregnant cattle.
Key words: cow stomach, intrauterine programming, 
fetal development, abomasum
INTRODUCTION
The evolution of the ruminant stomach complex oc-
curred about 50 million years ago and was the result 
of adaptive processes for the efficient use of cellulose-
based diets (Langer, 1988; Hofmann, 1989). This has 
resulted in modern ruminants having a suite of complex 
morphological changes that occur both prenatally and 
postnatally to allow the neonate to effectively and ef-
ficiently digest milk as its primary diet and then to 
transition to a plant-based diet.
During fetal development of the ruminant stomach, 
complex growth and differentiation processes result in 
a stomach having 4 functional compartments: rumen, 
reticulum, omasum, and abomasum. After birth, the 
initial dependence on milk and subsequent transition 
to a plant-based diet is critical. During the transition 
period of 2 to 3 mo, the forestomachs (rumen, reticu-
lum, omasum) must develop both morphologically and 
physiologically to undertake their roles in the microbial 
fermentation of plant material after weaning (Silper et 
al., 2014).
Recent studies have shown that metabolic program-
ming of calves postpartum plays a major role in their 
lifetime performance and productivity (Moallem et al., 
2010; Soberon et al., 2012; Soberon and Van Amburgh, 
2013). A meta-analysis of 12 neonatal studies in cattle 
showed that long-term milk productivity was promoted 
by increased nutrient intake from milk or milk replacer 
during the preweaning period (Soberon and Van Am-
burgh, 2013). Intrauterine development is at least as 
important as extrauterine development in the subse-
quent health and performance in later life (Bell, 2006; 
Funston et al., 2010). Intrauterine programming de-
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scribes the process by which stimuli at critical phases of 
fetal development during gestation create long-lasting 
changes in tissue structure and function (Fowden et al., 
2006; Opsomer et al., 2016). The timing, duration, and 
exact nature of the stimuli are crucial determinants of 
the pattern and extent of intrauterine growth and of 
specific physiological outcomes (Fowden et al., 2006).
By the end of the bovine embryonic period on d 44 
of gestation, the different stomach compartments—ru-
minoreticulum, omasum, and abomasum—can be dis-
tinguished and have an independent shape (Vivo et al., 
1990). In a 110-mm-long (mo 3) bovine fetus, the shape 
and position of the stomach is very close to its final 
appearance (Schummer, 1932). In the subsequent fetal 
period, the stomach chambers grow in size and their 
proportions change. The development of the fetal bovine 
stomach has been described in several previous studies 
(Becker et al., 1951; Wardrop and Coombe, 1961; Kano 
et al., 1981; Schnorr and Kressin, 2011). However, those 
studies were mainly observations of formalin-fixed 
stomachs or used filling preparation techniques (Kano 
et al., 1981). Recently, computed tomography (CT) 
has been used to demonstrate the in situ development 
of the bovine stomach (Flor et al., 2012). Computed 
tomography scanning generates sets of data that can 
be operated to demonstrate various organs and tissues 
based on their ability to absorb the x-ray beam, and 
allows these data to be reformatted in various planes 
or as volumetric (3-dimensional, 3D) visualizations 
of structures. The post-processing methods facilitate 
qualitative and quantitative evaluation of structures, 
including determinations of volume, area, or distance. 
Finally, CT allows the study of diverse parameters such 
as the volume of the stomach chambers without the 
need for complex filling preparation techniques.
We hypothesized that the stomach compartments of 
fetal cattle develop at different rates during gestation 
and that critical development phases exist that should 
be considered. The aim of the present study was to 
investigate the pattern of development of the bovine 
stomach of German Holstein fetuses using CT, focusing 
on volumetric and topographic changes of the stomach 
complex from mo 3 to 9 of gestation.
MATERIALS AND METHODS
Animals
Thirty bovine fetuses (16 female and 14 male; Table 
1) obtained from a slaughterhouse (Teterower Fleisch 
GmbH, Teterow, Germany) were used in this study. 
The fetuses were taken from German Holstein cows 
slaughtered between October 2011 and June 2013. The 
history of the slaughtered cows was unknown and there 
were no multiple fetuses. Approximately 30 min after 
each cow had been killed, its fetus was collected and sex 
was determined immediately.
The crown-rump length (CRL) of each fetal calf was 
measured with the fetus in lateral recumbency. Using 
a measuring tape, the CRL was measured as a straight 
line from the foramen occipital magnum (opisthion) to 
the first caudal vertebra. The age of the fetuses (mo) 
was estimated according to Michel (1995) where gesta-
tional month = √(CRL + 1) − 1. The BW of fetuses 
less than 2,000 g was measured using an electronic scale 
(Univers; Petermann, Dombühl, Germany). Heavier 
animals were weighed using a separate electronic scale 
(PJ 3600 DeltaRange; Mettler, Gießen, Germany). 
Then, fetuses were transported immediately within a 
cool box to the CT room.
CT
Computed tomography of the abdomen was per-
formed to evaluate the morphology and morphometry 
of the stomach complex. The CT scan was done using 
a third-generation 16-slice scanner (Phillips Brilliance, 
Phillips Healthcare, Hamburg, Germany). To prevent 
deformation of stomach compartments by gravitational 
effects, the fetuses were positioned on the table in a 
supine position and held in place using foam wedges 
and hook-and-loop fastening straps. They were scanned 
using standardized scan parameters (voltage 120 kV, 
200 mA; collimated slice thickness: 16 × 0.75 mm; in-
crement: 1.5 mm; pitch: 0.938).
For volumetric determinations, 2-mm images were 
reconstructed without overlap. Because the junction 
between the rumen and reticulum could not be identi-
fied reliably on the CT images, the 2 compartments 
were considered a single functional unit, the rumino-
reticulum. Basic image analysis was performed and 
the volume of each stomach chamber (ruminoreticu-
lum, omasum, and abomasum) was calculated using 
Amira 5.4 software (FEI Visualization Sciences Group, 
Mérignac, France). A manual segmentation technique 
was used to separate each stomach chamber from the 
surrounding context. The image segmentation of the 
stomach chamber was carried out by hand in the axial 
plane, along their inner contour at the junction of the 
soft tissue and the fluid filled lumen of each stomach 
compartment (Figure 1, panels A, B, and C). The seg-
mentation process was controlled along all 3 view axes. 
To validate the method, the segmentation process was 
performed twice at different times by the same person 
for all 30 fetuses and the mean value taken.
The position of the stomach chamber was defined 
in all 3 axes and the craniocaudal extent of the rumi-
noreticulum, omasum, and abomasum was determined 
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based on the adjacent vertebrae (Figure 1, panels A, 
B, and C).
Statistics and Data Analysis
Because of the descriptive nature of our study, the 
data of the stomach chamber volumes were analyzed 
using descriptive statistics. According to the calculated 
gestational age, the fetuses were allocated to monthly 
intervals (Table 1). The monthly volume increase fac-
tor of each stomach chamber was calculated as follows: 
monthly volume increase = (value of the current month 
− value of the previous month)/value of the previous 
month. Data are reported as mean value ± standard 
deviation for continuous variables.
To estimate the relationship between BW and CRL 
during gestation, fetal BW data were analyzed by least 
squares regression method with CRL as the indepen-
dent variable. The regression equation with the highest 
significant regression or with the highest coefficient of 
determination (R2) was obtained. Fetal weight data 
were also analyzed for effects of sex of fetus using a 
multiple linear regression model, with CRL and sex 
as independent variables. Statistical analyses were 
performed using SPSS for Windows software (version 
20; SPSS/IBM Corp., Chicago, IL). Data visualization 
was done using Excel 2013 (Microsoft Corp., Redmond, 
WA), and the JMP Pro 13 statistical package (SAS 




Many individual tissues and whole-organ systems 
are programmed in utero, with diverse consequences 
for their physiological function later in life (Fowden 
et al., 2006; Opsomer et al., 2016). In precocial spe-
cies, such as cattle, that are physiologically relatively 
mature at birth, their physiological characteristics are 
programmed in utero and are completed shortly after 
Table 1. Overview of each bovine fetus studied
Gestational  
month  











RR:AB4V4 (mm3) RV4 (%) V (mm3) RV (%) V (mm3) RV (%)
3 2.2 F 9.5 67  NA5 NA NA NA NA NA NA
2.3 M 10.0 56 NA NA NA NA NA NA NA
2.8 F 13.5 175 65 46 42 29 35 25 65:35
4 3.2 F 17 319 168 74 30 13 28 12 64:36
3.3 M 17.5 319 45 46 27 28 25 26 86:14
5 4.2 M 26 1,300 1,140 68 303 18 229 14 83:17
4.3 F 27 1,300 5,250 64 1,338 16 1,612 20 87:13
4.4 M 28 1,192 2,280 74 440 14 345 11 78:22
4.7 F 31.5 1,900 7,113 72 1,787 18 1,014 10 77:23
4.7 F 32.0 2,000 7,323 78 1,411 15 693 7 88:12
4.9 M 33.5 2,800 5,471 68 1,514 19 1,038 13 91:9
6 5.2 F 38.0 2,492 3,941 67 1,461 25 502 9 84:16
5.4 F 40.5 3,200 3,968 63 1,174 19 1,115 18 89:11
5.6 M 42.0 5,800 36,324 82 3,928 9 4,120 9 90:10
5.7 M 43.5 5,600 41,408 75 4,889 9 8,798 16 82:18
5.9 M 46.5 8,700 54,574 57 8,088 8 33,689 35 70:30
6.0 F 48 5,292 19,086 56 7,123 21 7,995 23 62:38
7 6.3 F 53 12,000 35,947 54 4,931 7 25,094 38 66:34
6.3 M 53 12,500 29,830 58 6,155 12 15,308 30 55:45
6.7 M 58 11,100 18,268 49 3,780 10 14,950 40 59:41
6.9 M 62 12,200 40,973 54 10,180 14 24,089 32 63:37
7.0 M 63 14,300 18,198 28 13,602 21 34,107 52 35:65
8 7.1 F 65 17,000 33,421 36 9,486 10 5,0466 54 40:60
7.3 F 68 16,000 67,615 46 12,886 9 65,886 45 42:58
7.5 F 72 25,000 27,679 35 13,388 17 37,545 48 51:49
7.5 F 72 18,500 193,918 46 40,636 10 182,715 44 39:61
7.7 M 75 20,300 38,722 34 15,892 14 59,727 52 51:49
7.9 F 79 25,300 210,372 54 25,397 7 153,375 39 58:42
9 8.3 M 89 38,100 269,377 40 30,418 5 359,647 55 43:57
1Calculated age (mo).
2F = female; M = male.
3Crown-rump length.
4V = volume; RV = relative volume; RR:AB = ratio of ruminoreticulum to abomasum.
5Not applicable. 
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birth (Fowden et al., 1998). Consequently, intrauterine 
programming appears essential for the health and long-
term productivity of these species. Furthermore, some 
adult disorders are thought to originate through fetal 
responses to intrauterine challenges such as undernutri-
tion or placental insufficiency (Opsomer et al., 2016). 
For example, insufficient placental blood supply can 
affect fetal growth and result in permanent maladapta-
tions in endocrine and metabolic processes (Hales and 
Barker, 1992, 2001). In addition, the period of gestation 
during which intrauterine programming occurs deter-
mines which cell types or organs are most influenced 
(Bertram and Hanson, 2001; Fowden et al., 2006). Op-
timizing stomach development by birth in dairy cows 
should positively influence subsequent health and per-
formance throughout their productive life. Neverthe-
less, the critical prenatal growth periods of the stomach 
complex are still poorly understood.
Gestational Age and BW
The CRL ranged from 9.5 to 89 cm (Table 1) for 
fetuses with calculated gestational ages ranging from 
2.2 to 8.3 mo. Overall, monthly fetal BW increased 
continuously throughout gestation. In this study, the 
youngest fetus (2.2 mo) had a BW of 67 g and the 
oldest (8.3 mo) 38,100 g (Table 1). Our data agree with 
earlier studies on the relationships between BW and 
age as reported by Habermehl (1975) and Rüsse and 
Grunert (1993). The maximum monthly increase in 
BW occurred over mo 5 of gestation (Figure 2A), where 
the monthly increase factor was 4.48. The relationship 
between BW and CRL was as follows: BW = 0.09 × 
CRL2.88; R2 = 0.99 (Figure 1D). Closer analysis of the 
data shows that over the first half of pregnancy (i.e., 
up to a CRL of 30 cm, equivalent to a gestational age 
of 4.56 mo), the BW/CRL relationship increased expo-
Figure 1. Segmentation of the stomach of male bovine fetus in month 8, where 1 = omasum, 2 = abomasum, 3 = ruminoreticulum. Panels 
A and C are computed tomography (CT) images and panel B is a 3-dimensional reconstruction of the CT scans. Panel D shows the regression 
curve of BW and crown-rump length during the entire examination period.
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nentially: y (BW) = 14.8 e0.167 (CRL); R2 = 0.97. Earlier 
studies reported similar results (Lyne, 1960; Eley et al., 
1978; Prior and Laster, 1979; Szuba et al., 1988). In the 
second half of pregnancy, we found a linear correlation 
of BW and CRL: y (BW) = 517.1 × (CRL) – 16,479; 
R2 = 0.91; this is consistent with the findings of Bell 
et al. (1995).
The regression analysis indicated no statistically 
significant difference in BW between male and female 
fetuses over the complete observation period. Szuba et 
al. (1988) also found no statistically significant differ-
ences between male and female Holstein cattle fetuses. 
In contrast, Witt et al. (1964) and Dhakal et al. (2013) 
found that male Holstein calves were 2 and 2.3 kg 
(Holland and Odde, 1992) heavier, respectively, than 
females at birth. The longer gestation period in male 
animals was stated to be the reason for the greater BW 
at birth.
Absolute Stomach Volume
To our knowledge, there are no previous reports on 
the absolute volume of the prenatal bovine stomach 
in situ. Only in studies on postnatal development was 
the absolute volume of the stomach compartments re-
ported (Warner et al., 1956; Godfrey, 1961; Tamate et 
al., 1962). Here, Warner et al. (1956) and Tamate et al. 
(1962) determined the volume of the bovine stomach 
by the filling the isolated compartments with water. 
However, in other studies, the weights of the individual 
stomach compartments were determined to estimate 
the size of the stomach (Becker et al., 1951; Godfrey, 
1961).
We used a noninvasive technique to determine the 
volume of the stomach compartments. The volume of 
each stomach chamber was calculated as an absolute 
volume (mm3) and as a percentage of the total stomach 
complex volume (Table 1). Unfortunately, in the small-
est (CRL 9.5 and 10 cm), and thus youngest (2.2 and 2.3 
mo), fetuses, the borders between the different stomach 
chambers were unclear on the CT images because of 
the lack of intra-abdominal fat. Thus, segmentation of 
their stomach chambers was not possible and we could 
not calculate volumes for these fetuses. Examination 
of the older fetuses showed that all stomach chambers 
had large increases in volume over the gestation period 
and that the development patterns and volume changes 
of the ruminoreticulum, omasum, and abomasum dif-
fered over this timeline (Table 2, Figure 2A). Based on 
monthly volume changes, the largest volume increases 
occur in the transition from mo 4 to mo 5 of pregnancy 
(ruminoreticulum = 43.79 times, abomasum = 30.03 
times, omasum = 38.85 times). In the same period, 
the monthly increase factor of the BW was only 4.48. 
In addition, during the transition from mo 5 to mo 
6 of pregnancy, the abomasum had a second growth 
spurt (monthly volume increase = 10.4 times) and the 
ruminoreticulum increased 4.57 times and the omasum 
2.93 times (Figure 2A). This growth spurt may be a 
critical phase for fetal programming. Interestingly, 
stomach compartment volumes increase steadily and at 
a relatively slow rate from mo 6 onward. Even so, the 
absolute volume changes over the final month of gesta-
tion were large.
Relative Stomach Volume
In mo 3 of pregnancy, the ruminoreticulum was the 
largest compartment of the stomach complex (Table 
2). Subsequently, the relative volume of the rumino-
reticulum increased steadily, reaching a maximum in 
mo 5 (Figure 2B). After that, the percentage of the 
ruminoreticulum dropped until the beginning of mo 
9, when it was the second-largest compartment of the 
stomach complex.
The abomasum was the smallest compartment of the 
stomach complex in mo 3 of gestation. Over the next 
2 mo, the relative volume of the abomasum decreased 
steadily to reach its minimum in mo 5 (Figure 2B). 
From then until the end of the gestation, the percent-
age of the abomasum increased markedly and reached 
its maximum at mo 9 of gestation.
Furthermore, the developmental patterns of the ru-
minoreticulum and the abomasum were inverse. This 
confirms the results of Kano et al. (1981), who used 
a filling preparation technique where they injected 
a synthetic polyester resin to determine the volumes 
of individual stomach compartments. In the present 
study, the bovine stomach compartments were, for the 
first time, quantified and visualized by CT. We found 
that at mo 3 and 4 of gestation, the ruminoreticulum 
was notably larger than the abomasum (Tables 1 and 
2). Thereafter, the difference between the 2 chambers 
increased and the ratio reached a maximum during mo 
5 of gestation, averaging 85:15. In mo 6 of gestation, 
the difference between the 2 chambers again decreased. 
At mo 7 of gestation, the abomasum had undergone 
a greater volume increase and the ratio was 56:44. 
From mo 8 onward, the ratio continued to change as 
the abomasum became larger than the ruminoreticu-
lum (Table 2). In Kano et al. (1981), dynamic changes 
occurred along a similar timeline, ending with the 
abomasal volume at birth being twice that of the ru-
men. Other authors who investigated the proportions 
of the fetal stomach compartments simply determined 
the weight of each compartment (Becker et al., 1951; 
Johnson et al., 1996). They found that the ruminore-
ticulum was heavier than the abomasum until mo 6 
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Figure 2. (A) Monthly BW increase of the fetuses and the monthly absolute volume increase of each stomach compartment. (B) Trendlines 
of the changes in the relative volume (%) of each stomach compartment from mo 3 to 9 of gestation. Dots represent each individual value for 
each stomach compartment.
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(Becker et al., 1951) or mo 7 (Johnson et al., 1996); 
thereafter, abomasal weight increased noticeably until 
birth. According to Becker et al. (1951) and Johnson 
et al. (1996), the inverse development of the rumi-
noreticulum and abomasum is necessary for optimal 
abomasal function immediately after birth, because at 
that time the forestomachs are not involved in milk 
digestion. However, Flor et al. (2012) reported casein 
fragments in the rumen of newborn calves because the 
reticular groove bypass of the forestomach chambers is 
incomplete. They suggest that this milk spillage into 
the rumen is physiological and even essential for the 
microbial colonization of the ruminoreticulum.
In mo 3 of gestation, the omasum was the second 
largest gastric compartment. As gestation continued, 
the percentage of the omasum decreased slightly until 
mo 8 of gestation, when there was a rapid decrease to 
5% of the total volume in mo 9 of gestation. From mo 
6 to mo 9, the omasum was the smallest compartment 
of the stomach complex (Figure 2B). The omasum is 
almost completely developed over the last third of preg-
nancy and changes only slightly after birth (Johnson et 
al., 1996; Flor et al., 2012).
The Stomach In Situ
Over the entire study period, the ruminoreticulum 
extended craniocaudally within the abdominal cavity 
and had the greatest length of all stomach compart-
ments (Figures 3 and 4). At the beginning of mo 3, it 
extended from the level of the 7th thoracic vertebra to 
the level of the 4th lumbar vertebra. In mo 4, the rumi-
noreticulum extended from the 7th thoracic vertebra to 
the 5th lumbar vertebra. From mo 7 of gestation, the 
ruminoreticulum was found consistently between the 
9th thoracic and the 3rd lumbar vertebra.
The omasum occupied the smallest craniocaudal po-
sition in the abdominal cavity. It retained a spherical 
shape and lay mostly in the intrathoracic part of the 
abdomen (Figures 3 and 4). At the beginning of mo 3, 
the omasum lay between the 10th thoracic vertebra and 
the 13th thoracic or 1st lumbar vertebra. Its maximal 
extension, from the 7th or 8th thoracic vertebrae to 
the 1st lumbar vertebra, occurred in mo 4 of gesta-
tion. From mo 6, the omasum lay predominantly in the 
intrathoracic part of the abdominal cavity between the 
9th and 13th thoracic vertebrae. At the beginning of mo 
9, the omasum extended to the 2nd lumbar vertebra.
Throughout the study period, the abomasum was 
longer than the omasum but shorter than the rumino-
reticulum (Figures 3 and 4). At the beginning of mo 3 
of gestation, it extended from 10th/11th thoracic ver-
tebrae to the 1st/2nd lumbar vertebrae. In mo 4, the 
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the 1st/2nd lumbar vertebrae. However, during mo 5, 
it only extended between the 9th thoracic and the 1st 
lumbar vertebra. In mo 6, the abomasum extended from 
the 10th thoracic to the 3rd lumbar vertebra. Thereaf-
ter, there was no constant position of the abomasum. 
This may be due to the corresponding greater abomasal 
volume, which was increasing at this time, and to the 
loose fixation of the abomasum by its relatively long 
mesentery, allowing the ruminoreticulum to lie in direct 
contact with the dorsal abdominal wall. Nevertheless, 
the abomasum was always partially intrathoracic due 
to the short bile duct connecting the liver to the proxi-
mal part of the duodenum. The dynamic relationship 
of the growth rates of the vertebral skeleton and the 
stomach could be a factor in the variable positions of 
stomach compartments.
Figure 3. Ventral view of representative bovine fetuses. Panels A, C, and E are gross specimens of the abdominal cavity in situ; panels B, D, 
and F are 3-dimensional reconstructs of the computed tomography scans to show the relationship of the stomach compartments to the adjacent 
skeletal elements. A and B: female fetus in mo 3 of gestation with crown-rump length (CRL) of 17 cm; C and D: male fetus in mo 5 of gesta-
tion with CRL of 33.5 cm; E and F: female fetus in mo 8 of gestation with CRL of 79 cm. All panels: 1 = omasum, 2 = abomasum, 3 = rumen 
ventral sac, 4 = left hepatic lobe, 5 = intestine, 6 = umbilical vein, 7 = umbilical artery.
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In most of the fetuses studied, the abomasum was 
located on the ventral wall of the abdomen on the right 
side of the ruminoreticulum. However in 2 fetuses—a 
male fetus in mo 7 of gestation (CRL = 63 cm) and a 
female fetus in mo 9 (CRL = 89 cm)—the abomasum 
was displaced to the left side of the ruminoreticulum 
and located between the rumen and lateral abdominal 
wall (Figure 5). At the same time, the ruminoreticulum 
and the omasum were displaced to the right and lay al-
most in the middle of the abdominal cavity. This abnor-
mal position of the stomach chambers in the abdomen, 
called left-sided abomasal displacement, is a hereditary 
disorder that is relatively common in dairy breeds but 
less common in beef breeds (Roussel et al., 2000; Zerbin 
et al., 2015; Oman et al., 2016). The prevalence of left-
sided abomasal displacement in calves is poorly known; 
Figure 4. Left lateral view of representative bovine fetuses. Panels A, C, and E are gross specimens of the abdominal cavity in situ; panels 
B, D, and F are 3-dimensional reconstructs of the computed tomography scans to show the relationship of the stomach compartments to the 
adjacent skeletal elements. A and B: female fetus in mo 3 of gestation with crown-rump length (CRL) of 17 cm; C and D: male fetus in mo 5 
of gestation with CRL of 33.5 cm; E and F: female fetus in mo 8 of gestation with CRL of 79 cm. All panels: 1 = rumen dorsal sac, 2 = rumen 
ventral sac, 3 = abomasum, 4 = left hepatic lobe, 5 = intestine.
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however, some clinical cases have been reported, for 
example, in two 4-wk-old calves (Mueller et al., 1999), 
in a 7-wk-old calf (King, 1979), and in a 8-wk-old calf 
(Hawkins et al., 1986).
In the literature, there are no reports of abomasal 
displacement in bovine fetuses. The 2 reported here 
might be temporary abomasal displacements that occur 
in the last third of pregnancy or could be permanent 
and result in calves born with abomasal displacement.
CONCLUSIONS
Computed tomography is a reliable method for in 
situ examination of the fetal bovine stomach complex 
from the third month of gestation onward. It was able 
to detect an abnormal position of the abomasum dur-
ing the final trimester of pregnancy. The individual 
stomach chambers had different patterns of volume 
increase throughout the gestation period. The monthly 
volume increase of stomach chambers was not uni-
form and varied throughout gestation. The maximum 
monthly increase of BW and stomach volume occurred 
between mo 4 and 5 of gestation, and the abomasum 
had another growth spurt between mo 5 and 6. These 2 
time points of gestation may be critical phases in fetal 
development during which intrauterine programming 
could lead to improved health and productivity of dairy 
calves in later life.
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